Background: According to reports of AHADT Kenya, tungiasis afflicts four million Kenyans with 10 million more at risk of severe infestation. Anecdotal reports suggest that lack of knowledge and retrogressive beliefs and practices of household heads, them being the key decision makers in rural homes, might be barriers to the control of tungiasis.
INTRODUCTION
Flea-borne diseases are an emerging problem. Tungiasis, in particular, causes considerable morbidity to residents of impoverished rural communities worldwide, with symptoms such as itching, swelling, soreness, and pain reported Feldmeier, Kehr, Poggensee, & Heukelbach, 2006; Kam, Degen, Khokhlova, Krasnov, & Geffen, 2010; Rathe, Rafn, Poulsen, & Mohey, 2009) . Insidious attacks lead to complications such as tissue necrosis, fissures, and gangrene, which necessitate the amputation of toes and fingers of some of the victims (Durden & Traub, 2002) . Children who have endured such trauma drop out of school. Adults do not engage in income generating jobs. This creates a hard-to-break cycle of poverty (Njau, Wanzala, Mutugi, Ariza, & Heukelbach, 2012) . Tungiasis is health problem Africa. Endemic zones are in rural and underprivileged areas where it is neglected Ugbomoiko, Ariza, Ofoezie, & Heukelbach, 2007) . In Kenya, tungiasis has been reported over a large epidemiological range, which spans across the Central, Coast, Western, and Nyanza counties. Herein, over four million people are infested, while over ten (10) million are at risk of chronic infestation (Ahadi Kenya Trust, 2010; Njau et al., 2012) . To slow its spread, there is a high demand for sustainable disease control strategies that are acceptable in rural settings. However, to develop sustainable interventions, we must know the risk factors for tungiasis in homes and the modifiable barriers for its control. Data on knowledge, perceptions, and practices of household heads in Kenya is mainly from anecdotal reports of relief organizations such as Ahadi Kenya.
METHODS

Study Design
A crossectional study was done in Otwenya Location in Maseno Division, Kenya. The location has 15,759 residents and a mean density of 387 people per square kilometer. Living conditions are poor with 45% of its residents living under the poverty line. The target population was all permanent residents. Household heads were our respondents.
Data Collection
A questionnaire was used to collect tungiasis-related data from all household heads. The tool was structured and pre-tested before data collection to ensure its validity and reliability. After receiving written informed consent, demographic data of household heads was captured. Data on major environmental factors of houses and ownership of domestic animals were collected and the knowledge, attitudes, and practices of household heads regarding tungiasis checked. To determine the occurrence of tungiasis in households, the hands and feet of all household members were checked for signs of tungiasis. A Dettol antiseptic solution (1:100 volume per volume) was used to kill germs on the hands and feet. Hands and feet were dried using paper towels and a magnifying glass used to check for tungiasis. The presence of single or clustered nodules with black dots at the center was diagnostic for tungiasis. The presence of pale whitish to brown papules, which were 1-2 mm in diameter; white patches that are 3-10 mm wide; and dark lesions with shriveled crusts, dead fleas, and or punched residues were also considered diagnostic.
Data Analysis
Version 21 of The Statistical Package for Social Scientists (SPSS) and the GraphPad Prism software (version 5.02 for Windows, San Diego California USA (www.graphpad.com) were used to analyze data. Data were extracted from questionnaires and entered into SPSS. Means and frequencies of demographic data were explored. To generate knowledge scores, a score of "1" was assigned for correct answers and "0" for wrong answers. Scores were summed into an overall score for each respondent. The overall score was converted to a percentage and re-categorized as either low (<50%), moderate (50-74%), or high (≥75%). To generate attitude scores, a score of "1" was assigned for good attitudes and "0" for bad attitudes. The scores were summed into an overall attitude, means calculated, and the overall attitude scores re-categorized as being bad (<mean) and good (≥mean). Contingency analyses using the Fishers Exact Test with Cochran Mantel Haenszel statistics were used to test the relationships between categorical variables. Logistic regression with backward elimination was used to find the modifiable predictors for tungiasis. Our tests for statistical significance were done to reflect a level of confidence of 95%. A p<0.05 was significant.
RESULTS
Demographic Characteristics
Three villages in Otwenya Location Kisumu West constituency were visited and 78 households recruited. About 39.7% of households were in Urudi Rata, 35.6% in Mbeka, and 24.4% in Mariwa. Most houses had iron sheet roofs (93.6%). Floors plastered using mud and cow dung was in 60.3% of houses, while 33.3% and 55.1% had earthen floors or mud walls. Most heads were female (71.8%), married (57.7%), with primary education (67.9%) ( Table 1) . 
Tungiasis Knowledge
Most household heads (75.7%) had a moderate knowledge of tungiasis. Around 19.2% had a poor understanding of the disease, while 5.1% were highly knowledgeable. The knowledge of tungiasis did not vary by gender (p=0.16). However, household heads with no formal education has a higher odds of having a poor knowledge of tungiasis (OR=35.56 (1.7-732.6), p=0.02). Knowledge of tungiasis causation was high (69.2%). When quizzed about its causative agent, 80.9% mentioned fleas or insects. Witchcraft featured in only 20.6% of responses. Knowledge of risk factors for tungiasis was also high. About 70.5% of respondents identified four to five risk factors for tungiasis. Poor hygiene, earthen floors, and walking barefoot featured in 84.9%, 41.1%, and 20.5% of responses. Only 18.0% knew less than four risk factors. Knowledge of signs and symptoms was poor. Only 6.4% of respondents knew four to six common signs and symptoms of tungiasis. A majority (79.5%) knew none or less than two signs and symptoms (Table 3) . Respondents (75.6%) acquired knowledge from other family members. Studies and health professionals informed 20.6% and 2.9% of respondents. Knowledge did not influence the presence of tungiasis in homes (p=0.49). 
Tungiasis Perceptions
Most respondents (82.1%) had a negative attitude about tungiasis, with negligence and stigma evident. About 64.1% of respondents thought that tungiasis is not a problem. However, 89.7% were ashamed of tungiasis, while 92.3% talked about having strained relationships with family and neighbors because of tungiasis. Whilst infested only 6.8% considered seeking medical help. Instead, 71.8% opted to hide the presence of tungiasis at home by avoiding social events such as church (Table 4) . Negative perceptions were highest among household heads with a poor knowledge about tungiasis (OR=9.1 (0.5-161.3), p=0.04). Negative perceptions about tungiasis did not vary significantly by the education level (p=0.43), the age (p=0.12), and the gender (p=0.09) of respondents. The odds of finding tungiasis cases was higher in homes where heads had negative perceptions about the disease (OR=4.9 (1.0-24.0), p=0.03). 
Tungiasis Treatment
The treatment strategies for tungiasis were diverse in the study area, with most respondents (91.1%) opting to extract fleas to relieve pain and swelling. Around 29.5% of respondents used a Liquid Anitraz Dip concentrate to treat active lesions, while 15.5%, 9.0%, and 6.4% used grease, petroleum jelly, and Vicks vaporub to treat active lesions. Disinfectants such as Dettol and medicinal plants (Mexican marigold) featured in 5.1% and 1.3% of all responses.
DISCUSSION
Prevalence of tungiasis was approximately 19.5%. This is lower than the 34% reported in Northeast Brazil (Wilcke, Heukelbach, & Sabóia-Moura, 2002 ) and 57% (Njau et al., 2012) in Central Kenya. However, tungiasis is a major threat to health in the area. One out of nine residents had a history of tungiasis, with 82% of residents having their first exposure at age nine. Most of these cases struggle with tungiasis throughout their adulthood and in old age. The presence of tungiasis in homes was associated with modifiable factors. As reported Bourée et al in Cameroon and Muehlen et al in Nigeria, the architecture of homes was a major predictor for tungiasis (Bourée, Simeni, Takougang, & Kaptue, 2012; Muehlen, Feldmeier, Wilcke, Winter, & Heukelbach, 2006) . Presence of earthen floors increased the odds of infestation by 11 times. The life cycle of Tunga fleas is in sand. Earthen floors in homes create a suitable environment for development, which increases the incidence of infestations (Pampiglione et al., 2009) . Moreover, animal hosts (pigs and cattle), which most people allow to roam freely in their compounds or homes harbor and spread Tunga fleas. Encouraging household heads to practice good animal husbandry can slow its spread.
The knowledge of tungiasis was moderate. Two out of every three people that we interviewed were knowledgeable about the causation of tungiasis and risk factors for tungiasis. However, the observation that the knowledge of household heads did not influence the Odds of tungiasis infestation contradicted the observations of Solomon et al (2008) and Dartigues et al. (2013) . Devoid of their sex, gender, and the level of education, most household heads considered the presence of tungiasis in their homes normal. When infested with tungiasis, they did not prefer to seek medical help nor took their household members to health facilities. Therefore, in most rural areas, occurrence of tungiasis in homes might be the result of negligence and poor attitudes towards tungiasis by household heads and not their knowledge. The different exposure levels in homes and the differences in the behavior of individuals in different environments might also contribute to its occurrence. Developing good sensitization and or outreach programs that dispel negligence and tungiasis stigma can improve the health seeking behavior of residents of rural areas, enhance adoption of modern treatments coined for tungiasis, and thus, lower the burden of this disease further.
Negligence and retrogressive beliefs of respondents influenced their health-seeking behavior regarding tungiasis. Most household heads considered tungiasis a normal disease that is a part of their lives. Moreover, because of stigma and association of tungiasis with witchcraft, victims not only isolate themselves from the society, but also refuse to seek treatment for tungiasis. These observations are comparable with the results of Kimani et al in Central Kenya (Kimani, Nyagero, & Ikamari, 2012) . To cure tungiasis, people used unorthodox treatment strategies, which were harmful to health of cases. Extraction of lesions using sharps was common. Unfortunately, because curettage of the lesions is not often sterile and victims cannot afford topical antibacterial such as ivermectin, the risk of secondary bacterial infections is high (Leung, Woo, Robson, & Trotter, 2007) . Latrogenic rupturing of neosomic fleas inflames skin or causes ulcers that take long to heal (Ferreira, Piazza, Belda, de Souza, & Ferreira Velho, 2009; Gibbs, 2008) .
Apart from clawing lesions using thorns, petroleum jelly and petroleum hydrocarbons such as grease and paraffin were common remedies for tungiasis. Most respondents considered them effective for treating tungiasis. However, most of these items are residual. They require weeks of frequent use to be effective. They are also costly, unsafe, and thus, unsuitable for routine treatment and or management of tungiasis. To lower the burden of tungiasis, health education campaigns that could improve the health seeking behavior of victims of tungiasis in needed. The potential of using safe modern treatments for ectoparasites and indigenous plants such as Mexican marigold to treat tungiasis should also be explored. Dimeticone and Zanzarin are good candidates. Their ability to repel free-living fleas and suffocate neosomic fleas has been determined (Buckendahl et al., 2010; Nordin et al., 2017; Thielecke, Nordin, Ngomi, & Feldmeier, 2014) . Zanzarin also reverses pathology permanently .
Ethical Considerations
The Scientific Steering Committee (SSC 2511) and the Ethics Review Committee (ERC) of the Kenya Medical Research Institute (KEMRI) approved this study. The District Education office and the District Commissioner for Kisumu West District also granted approval for our study. Written informed consent was gotten from participants before data collection. We maintained the anonymity of all study participants to maintain confidentiality. Even though participants did not benefit financially, cases were treated free. Health education pamphlets on tungiasis were also distributed in schools and the community to prevent stigma and or discrimination.
